Background: In order to provide evidence on health impacts of the tobacco industry on cultivators in Vietnam, this study aims to provide comparison between tobacco cultivation related revenue and expenditure in selected areas in rural Vietnam and examine the relationship between tobacco cultivation and self-reported illness in the study population.
Background
For years, in search of even more profits, the tobacco industry has encouraged countries and farmers to grow more tobacco. Tobacco companies have promoted tobacco growing as a panacea, claiming that it will bring unparalleled prosperity to farmers, their communities, and their countries [1] .
Viet Nam is a prime target for the tobacco industry: a developing country with a tropical climate appropriate for tobacco cultivation, and hard-working laborers. The total area devoted to tobacco cultivation in Vietnam in 2002 was about 18,000 hectares (accounting for 0.28% of total agricultural land) which gave an output of about 27,400 tones of tobacco per year [2] . The number of full-time equivalent tobacco cultivators was about 136,000. The tobacco industry has established a plan to gradually increase domestic tobacco leaf production toward the year 2010 through increased production areas and improved yields [3] .
While the cigarette industry argues that tobacco farming is a major contributor to the country's economy, the seriously damaging health and environmental impacts caused by tobacco farming have been well documented. From the moment the tobacco seed is planted to the time the tobacco plant is harvested and cured, the health of those who cultivate the crop is constantly at risk [1, 2] .
The hazards posed by tobacco cultivation place tobacco workers at increased risk of injury and illness. Children and adults (mainly women) working with tobacco frequently suffer from green tobacco sickness (GTS), which is caused by dermal absorption of nicotine from contact with wet tobacco leaves. GTS is characterized by symptoms that may include nausea, vomiting, weakness, headache, dizziness, abdominal cramps, and difficulty in breathing, as well as fluctuations in blood pressure and heart rate [4] [5] [6] . Large and frequent applications of pesticides to protect the plant from insects and diseases can cause poisoning, skin and eye irritation and other disorders of the nervous, respiratory systems, as well as kidney damage [7, 8] .
Tobacco growing also causes a lot of damage to the environment. In many developing countries wood is used as fuel to cure tobacco leaves and to construct curing barns. An internationally estimated 200 000 hectares of forests and woodlands are cut down each year because of tobacco farming [9] . Environmental degradation is also caused by the tobacco plant, which leaches nutrients from the soil, as well as pollution from pesticides and fertilizers applied to tobacco fields [10] .
In Vietnam, tobacco control has recently received greater attention. The Vietnamese Government's readiness to curb the epidemic of tobacco related disease was reflected in the Prime Minister In order to enforce the policies on tobacco control in Vietnam, especially the enactment of the tobacco control law, reliable information on the economic and health effects of tobacco farming is urgently needed by health advocates, as well as for society in general. However, even though the amount of research on tobacco in Vietnam has recently increased rapidly, to the best of our knowledge, there remains no research on the health impact of the tobacco industry on cultivators. This study therefore aims to 1) provide a preliminary comparison between tobacco cultivation related revenue and expenditure in selected areas in rural Vietnam; and 2) examine the relationship between tobacco cultivation and self-reported illness in the study population. The findings of this study may be of use for evidence-based policy making against tobacco in Vietnam and elsewhere.
Methods

Study design and study site
This was a cross-sectional household survey. The study was undertaken in 2007 in 2 rural districts in Vietnam (Vo Nhai in the North and Cam My in the South). Vo Nhai district is located about 90 km north of Hanoi capital. The district has 14 communes and one town. It covers an area of about 85,000 hectares, mainly highland and mountainous areas. The total population of Vo Nhai in 2006 was about 63,000 people. Cam My district is located about 100 km south of Ho Chi Minh City. The district has 13 communes and 1 town, spread over 47,000 hectares. The total population of Cam My in 2006 was about 156,000. In both districts, tobacco cultivation has been clustered in several communes. The tobacco cultivation includes different types of work like land preparation, seeding/planting, taking care of the leaves, harvesting, curing/toasting, processing, storing, etc.
Two tobacco farming communes (one per study district) were selected for exposed subjects. We also chose two non-tobacco farming communes (one in each district and was similar to the exposed one in terms of geographical and demographic characteristics) for comparison. The non-tobacco farming communes were selected based on consultations with health bureau and health statistics office in the respective study district.
Study sample and participants
In each selected commune, 120 households were sampled using two-stage cluster sampling technique. The sampling procedure is presented in Figure 1 . The head of household was first interviewed about the family's livelihood (including information revenue and expenditure related to tobacco cultivation), then all other family members, aged 15-69 years old, were interviewed on the occurrence of illness during the last 6 months.
Data collection
Local health workers were recruited and trained to conduct household interviews using structured questionnaire. The questionnaire was developed by research team with reference to the one used in the Vietnam Living Standard Survey 2002. It was pilot-tested in both the North and the South before official use. The field manual was also developed to ensure the standard of the data collection process. Spot-checks and re-checks of 10% sample data were conducted by the research team for quality control.
Measurements
In this paper, tobacco cultivation-related revenue, expenditure and self-reported illness are the main outcome variables. Information on tobacco cultivationrelated revenue and expenditure was obtained from detailed interviews with the heads of household. The annual revenue from tobacco cultivation is the total amount of money the family gets from the sales of all tobacco products (fresh, cured tobacco leaves, hand rolled cigarettes, etc.) produced in a year. The annual expenditure on tobacco production is the sum of different items needed for the whole process (land preparation, seeding/ planting, taking care of the leaves, harvesting, curing/ toasting, processing, and storing, etc.). There were 9 cases where the respondents did not remember an input quantity and/or price, estimates based on corresponding figures provided by neighbors were used to calculate the expenditure.
Information on self-reported illness during the last six months among the study populations was collected using questions about the occurrence of 16 health problems (Table 1 ). The inclusion of these 16 health problems was based on the advice from experts and results of the pilot study. The response set was a five-point scale where 1 = never, 2 = rarely, 3 = sometimes, 4 = often, 5 = always. The reliability in terms of internal consistency among the 16 illnesses/symptoms items, as measured by Cronbach's Alpha coefficient, was good (α = .83) [13] . Two composite indices were constructed from the 16 questions. The first one, called "illness presence", is a dichotomous variable in which "yes" denotes the occurrence any of 16 selected health problems. The second one, called "total illness score", is a continuous variable, which was calculated by the summation of the points of all the 16 scales.
Tobacco cultivation status (yes/no) and socio-demographic conditions of the study participants were included as independent variables. The socio-demographic conditions of the study subjects were assessed by educational level, occupational status and per capita income per month. Information on education and occupation was obtained through the direct interviews with the study subject. Educational level was classified into five groups: (I) no education; (II) not yet complete primary education; (III) complete primary education (completion of grade 6); (IV) complete primary education (completion of grade 9); (V) tertiary education (completion of grade 12) and higher. Occupational status (main occupation of the study subjects) was grouped as: (I) farmer; (II) government staff; (III) pupil/student and (IV) other jobs (small traders, construction workers, handicraft makers, etc.). Economic status of the respondent's household was measured by income quintiles. Information on income was collected through detailed interviews with the head of household. Average per capita income per month was the total income of the household divided the number of household members.
Data management and analysis
Data were processed using Epi-Data by experienced research assistants. Double entry was applied with 10% filled questionnaires. Both descriptive and analytical statistics were carried out using Stata 9 software (Stata Corporation). The Chi squared test was used to examine the differences in the occurrence of 16 illnesses/symptoms among the tobacco growers compared to that among the non-tobacco farmers. Multivariate logistic regression and linear regression modeling were performed to establish the relationships of "illness presence" and "total illness score" with tobacco cultivation status as well as the sociodemographic variables. Both logistic and linear regression models were constructed using fixed variable method (i.e. based on our hypothesis on the relationships between outcome variables and independent factors). A cluster option was introduced in the analyses to reflect the nature of the sampling technique. A significance level of p < 0.05 was used. In calculating expenditure and revenue, local currency values were converted into US dollars using the 2007 exchange rate of US$ 1 = VND 16,000.
Ethical clearance
Ethical clearance for conducting this research was given by the Institutional Review Board of Hanoi School of Public Health. The study also got the approval from People's Commune Committees in each study commune. Before participating into this study, all invited respondents were provided with clear information regarding this research. They were informed that participation would be voluntary following informed consent. Their responses would be confidential, there would be no right or wrong answers, and they could stop or withdraw from participation at any time. The refusal or withdrawal would not have any effect on them.
Results
General description of the study populations
A total of 480 households from the four selected communes were surveyed. All the study communes had nearly the same percentage of men and women. A large proportion of population in the study communes aged below 44 years old and a small proportion of people were elderly (i.e. aged 65 year old and over). The educational level of the study populations was quite limited. The main occupation of the populations in the studied areas was recorded as 'farmer'. There was no significant difference in demographic characteristics between the tobacco farmers and the non tobacco-farming ones (Table 2 ).
However, there was variation in economic conditions across the four communes. The per capita income per month was highest in the tobacco-farming commune in the South (US$ 28.5) and lowest in the tobacco-farming commune in the North (US$ 19.1) ( Table 2) .
Tobacco cultivation related expenditure and revenue
The figures on the amount of money each household spent a year on tobacco cultivation and the revenue the family got from the corresponding harvest are presented in Table 3 . Where the expenditure figures do not include personnel costs (as the farming work was almost always responsible by the family members themselves), it appeared that the average tobacco farmer did benefit financially from tobacco cultivation (expenditure of US$ 238.8 vs. revenue of US$ 513.0).
However, if a personal opportunity cost was added to give a financial value to their labour (using a rate of US$2 per day as the accepted rate for manual labour), it seemed that tobacco farmers in the South got some profit from tobacco cultivation. However, the profit was seen to be minimal (expenditure of US$ 481.4 vs. revenue of US$ 513.0). In the tobacco farming commune in the North, including opportunity costs, the expenditure on tobacco cultivation was higher than the corresponding revenue (expenditure of US$ 609.9 vs. revenue of US$ 467.6).
The association between tobacco cultivation and selfreported illness
In this study, a total of 968 farmers aged from 15 to 69 years old from the four selected communes (480 households) were interviewed about the occurrence of the 16 selected health problems. Table 1 presents the proportions of respondents who reported to have the problems during the last 6 months. The occurrences of 9 out of the 16 health problems were statistically significant higher among tobacco growing farmers compared to that among non-tobacco farmers.
The multivariate logistic regression analyses of the effects of tobacco cultivation as well as socio-demographic factors on "illness presence" are presented in Table 4 . People who cultivated tobacco were 3.5 times more likely to have a health problem than those who did not (OR = 3.5; 95%CI = 1.5-8.0). The occurrence of a health problem significantly increased among people in the lower income quintiles.
The effects of tobacco cultivation and socio-demographic variables on "total illness score" were examined by multivariate linear regression and shown in Table 5 . The regression model shows that people who grew tobacco, older people, the women, and the individuals with lower economic status were more likely to have increased frequencies of the identified health problems. The difference in "total illness score" by economic status was statistically significant for those the first quintile and the second income quintile compared to those in the highest quintile. Table 5 also shows the standardized regression coefficients. Tobacco farming was shown to be the second strong predictor within the model (after effect of old age).
Discussions
While the economic and health problems associated with both active and passive tobacco smoking have been well documented in literature worldwide, little is known about the effects of tobacco cultivation, especially in developing countries [14] . The present study, which is among the first of this kind conducted in Vietnam, provides valuable evidence surrounding the socio-economic and health effects of tobacco growing in the Vietnamese context.
The demographic characteristics of the study populations are typical for rural communities in Vietnam. The education level is low, and farming is the predominant occupation. The distributions of age and sex in the population correspond well to the usual pattern of population pyramid in Vietnam, which has a small proportion of elderly people.
The figures of monthly income indicate that tobacco cultivators are not wealthier than other farmers (Table 2) . This is contrary to the tobacco companies' claim that "tobacco brings prosperity to its planters" [15] and "tobacco is an important solution for hunger elimination and poverty reduction" [16] . A study from China also showed that tobacco cultivation brought lower returns than vegetable oil, beans, or fruit [17] . Similarly, the fact that tobacco farming had lower revenue-to-cost ratio than other crops has also been reported in studies from Kenya [18] and India [19] . A recent report by WHO also confirmed that tobacco growing entails a number of irreversible costs to farmers, including damage their living standards and erode their long-term prospects [20] . The finding of the relationship between tobacco farming related expenditure and revenue also confirms the fact that tobacco cultivation does not bring tangible economic gain to the tobacco planters. Higher benefit would be received if farmers had invested their time and resources in something else, or had been hired by others for manual labour, rather than investing in tobacco cultivation. The finding suggests that creating more jobs for local people, even manual labour, is financially competitive with growing tobacco, with its attendant health risks, discussed below.
Our data clearly show that tobacco cultivation was strongly associated with the occurrence of a range of health problems. The finding is similar to those reported by previous studies, conducted in other countries [14, 21, 22] . The health problems are known to be induced by direct contact with tobacco plants (nicotine poisoning), high levels of exposure to toxic pesticides and the physical consequences of hard labour [4] [5] [6] [7] [8] 23] . The most controversial and serious environmental health issue in tobacco agriculture is pesticide use. Breathing high doses of pesticide can produce respiratory irritation, nausea, headache, and fatigue. It is estimated that 25 million pesticide poisonings occur every year in developing countries [24] . A study from Malaysia in 1995 already proved that tobacco are ate high risk of pesticide poisoning [25] . A study conducted by the Kenya Medical Research Institute reported 1,000 deaths and 35,000 cases of occupational poisoning on all farms in 1997 [26] . In Brazil, 300,000 tobacco growers are poisoned from pesticide use annually [26] . In the United States, the National Institute for Occupational Safety and Health (NIOSH) estimates there are 10,000 physician-diagnosed pesticide poisonings annually [24] .
The findings of the present study indicated that increasing age was associated with higher occurrence of tobacco farming related health problems (Table 5 ). This is different from the findings of previous international studies which reported that younger workers are more likely than older ones to develop GTS [4, 23] .
We found that the health problems were more commonly reported by the women than men (Table 5) . This is also different from the pattern found in other international investigations which showed that nearly all of those affected by GTS are male [4, 23] . One common element of the explanation for women's higher rates of morbidity is that there are gender differences in the way that symptoms are perceived, evaluated and acted upon. However, a study in rural Vietnam has shown no gender differences in the reporting of health problems [27] . This suggests that there may be gender inequality in the health effects of tobacco growing in Vietnam. In fact, it is important to note that the roles women are vital at almost all stages of tobacco farming in the study settings. Women not only share with men the role of economic producers though their labor, but do so under the added weight of their roles as biological producers of children and social reproducers through child-rearing and household management. Given the findings, actions toward women's livelihoods and health in the study settings are urgently needed.
The present study also revealed clear economic disparities in health effects of tobacco cultivation (Table 4 , 5). The poor are proven to be more vulnerable to the harmful effects of tobacco growing. The poorer are known to be almost always more susceptible to illness [28, 29] , so they need to be better protected and supported by both social and health policies. In the context of this study, providing local people with more alternative earning opportunities would reduce the health inequality issue.
The study uses a retrospective approach to collect information on income, expenditure, and self-reported illness.
This may be open to recall bias, especially information on annual income and expenditures on and details of pesticides, fertilizers, etc.
The validity of self reported information also depends on characteristics of both interviewers and respondents. Probing skills of interviewers are very important. In this study, village health workers were selected as interviewers because they already had some experiences in doing household interviews. However, this was the first time they did interviews using a long questionnaire with quite many difficult questions such as estimation of expenditure, revenue, name of fertilizer, pesticide, etc. Even though the trainings were conducted carefully, the interviewers still made a number of mistakes. As a result, about 10% of interviews were redone by researchers of this study.
Characteristics of respondents such as their educational level, their ability to recall it and their willingness to report it, might also have influenced the validity of the study findings. In this study, we had difficulties when asking the respondents, who were normally with low education, to recall the name of pesticides, fertilizer they used and make some calculations and estimations on quantity of pesticide, fertilizer used per unit of land, etc. As a result, the information collected might not be totally correct.
Conclusion
Vietnam is still in the early stages of the battle against tobacco. The findings from the present study provide val- R-squared = 0.11* * Denotes significant result uable and timely evidence that can be used to increase public awareness as well as develop and implement appropriate responses to the harmful effects of tobacco growing. 
